The cellular expression studies described above and semble microtubules; disease mutations abolish or those by others do not prove that spastin is a microtupartially interfere with these activities. bule disassembly agent because such effects might be indirect or require additional cellular cofactors. We
). On the basis of structure-based sequence region is sufficient for this activity. Errico and colalignments, D655 resides in the C-terminal helical subleagues [8] reported that the N-terminal TM region in domain of the AAA module that contributes to nucleohuman spastin is crucial for microtubule binding betide-dependent conformational changes [18] . In addition cause truncated spastin lacking this region did not to these known disease mutations, we also investicosediment with microtubules. Although it remains posgated a mutation in a key Walker B residue (E542A) sible that the TM region contributes to MT binding affinknown to be involved in ATP hydrolysis in other AAA+ ity, our data show that the N terminus of D-spastin is ATPases. not required for microtubule binding and severing.
When full-length (FL) D-spastin constructs harboring We also attempted to express full-length spastin and these mutations were expressed in S2 cells, we found the AAA domain in bacteria but found that they were that they localized to distinct punctate structures, as unstable and formed large aggregates. However, the seen with wild-type D-spastin. However, for the Walker MIT domain could be expressed and purified. This do-A (K488R) and Walker B (E542A) mutants, microtubule main did not sever microtubules, and in cosedimentadisassembly was not observed; instead, at moderate to tion binding experiments, it bound to microtubules high expression levels, microtubule bundling was obmuch more weakly (K d = 27 M) than the ⌬TM con- to a specific subpopulation of microtubules. As noted generated a comparable degree of disassembly only after >10 min, and the D655N mutant only generated a for the full-length constructs, the expressed ⌬TM S462C and D655N mutant proteins also caused partial few microtubule breaks after a 20 min incubation (Figure 3C ). These data suggest that the S462C and D655N microtubule disassembly.
We also studied the biochemical activities of purified mutations impair ATPase activity but also produce a defect in the coupling of ATPase activity to microtu-D-spastin mutant proteins. The Walker A and B mutations, as expected, displayed neither detectable ATPase bule destabilization. activity nor in vitro microtubule-severing activity (Figures 3A and 3C) . In contrast, the S462C and D655N
Comparison of Spastin and Katanin
In summary, we show that D-spastin severs and disasmutant proteins both showed ATPase activity but were 40% and 80% decreased in maximal activity when sembles microtubules both in cells and in vitro. These results provide the first direct biochemical evidence of compared with the wild-type protein ( Figure 3A) . Surprisingly, the S462C and D655N mutants displayed a spastin's ATPase and microtubule-destabilizing activities. It is interesting to compare spastin to katanin, angreater impairment in severing taxol-stabilized microtubules than might be expected on the basis of their other AAA+ ATPase that severs microtubules. Spastin's AAA domain is highly homologous to katanin, yet these ATPase activities. Whereas wild-type spastin almost completely disassembled taxol-stabilized microtubules proteins share no sequence similarity in their N-terminal regions. Thus, spastin and katanin appear to have on a surface within 2 min, the S462C mutant protein of hereditary spastic paraplegias.
